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POTPOURRI OF LOS ALAMOS NATIONAL LABORATORY FOAM EFFORTS

by

Joel M. Wlliams, Mark H. Uilkwson, and Debra A. Hrobleski
Materials Science 6 Technology Division

Los Alamos National Laboratory
P.O. BOX 1663

Los Alamos, NM87545

ABSTRACT

This presentation provides an update on microcellular foam resaarch

efforts at Los Alamos. Topics include the influence of pressure on the

phr.seseparation of poly(4-methyl-l-pentene)from organic solution, a new

concept of phase diagrams, ph,ysicaltesting of foams, and recent emulsion

polymerization results.

Effect of Pressure on The Formation of Foam From PMP/Cumene

Cumene has produced the finest cell structure to date with PMP

[polmy(4-methyl-l-pentene)].He have made a series of foams in which the

pressure at the t!me of phase separation has been varied. The pressur~

rnnge studi?d was 0.2 atm (3 psi) to 375 atm (5,500 psi), SEHS of some

of th~ foams produced are presented in Fig. 1. The 0.2 atm sample had

numerous cracks in the bulk materitl

nificantly poorer than the atmosph~r(

the sealed test tube is better than

but the microstructure is not slg-

c samples. Th~ sampl~ produced In

the atmospheric one as previously

obsorvrd for diisnpropylbenzene/PMP mixes. Increased pressure obviously

reduc?s the cell sizes, but evml at 375 atm (5,500 psi). substantially

more reduction is needed if 1 urncell size is to be achieved.



An attempt to Induce rapid phase separation Involved sudden release

of the pressure at a temperature below the atmospheric phase separation

temperature. The structure is seen In Fig. 1. These particular condi-

tions did not give the desired result. Pressure releases at higher and

lower temperatures are planned.

3-D Pol ymer-Solvent Phase Diagrams

As a result of our studies of the separation of PMP from various

solvent solutions, we have concluded that the conventional 2-D phase

diagrams do not predict the proper system behavior. Our reason is

related to the fact that cloud point observations (Tc versus ep) probably

do not represent the actual separating phases. We believe that the

observed 2-D cloud poi?t diagrams are actually compressed 3-D representa-

tions as illustrated in Fig. 2. The problem originates with the differ-

ence in mobility of the solvent versus that of the polymr. Standard 2-@

representationsmake an assumption that the two components have the same

ability to rearrange, i.e. that the system is kinetically fluid or that

each cnmponelt is as rluid as an,yother. Such is not the case with a

polymer-snlvent systmv, Plasticization of a polmmer is represented by

thr shad~d surface in Fig. 3. Phase separation is visualized as 0; o
&

(?;) + solvent. The separating phasw are not defined by the nownfil

bi~ndal curv~ l!;-“0~”, but O; + O;’ A (o~’), etc... as shown In Fig. 4.
L

The 3-LIrepres~ntation allows us to explaln the production of foams by

themally induced phas~ separation. Rapid cooling causes the polymer to

s~pnrate under conditions in the front of the phas[~diagram rectangular

prism (Fig. 3). Slower cooling allows the system to move towards the

back. A change in mechJnism around the peak in the binodal curve is,



thus not predicted. This is fortunate, since no change is observed al-

though the 2-D representation predicts a change.

Compressive Strenqth of PMP Foams

Several years

of PMP foams made

strength units are

ago, we presented data for the compressive strengths

by two processes. These results with the correct

given in Fig. 5. These data fit the empirical equa-

tion given in Fig. 5. He have now extended our analysis of the ccunpres-

sive strength of foams to account for non-supporting material in the

foam, and for a change in the efficiency of the supporting material. l“he

compressive strength of a foam is thus given by

[ L’~2
P- p*l-p

s

‘s J

where the subscript re$er to full density polymer, E is the elastic

modulus, B is the strength of the supporting material relattve to the

full density polymer, P is thv density, and P* is the density of the

unsupporting material (a in Fig. 5). The fit of this rauation to the

observed data is given in Fig. 6, using l!= 1. The straight line

predicted by the eau?tion in Fig. 6 represents the current literature

thlnkinq. The new equation fits the data and provides for a better

understanding of the influencecf foam structure on comprc%sive strength.

The amount of supportive and non-supporting material is important. So is

the way the supporting material is configured (pore $tructure, ladder or

honeycomb arrangement:,,etc.). So is the change in the strength of the

pclymer walls as pr~bably occurs during the production of blown foams.



Applied to aerogel

of the Si02 material is

material.

the equation predicts (assuming B = 1) that 80+%

nonsupporting. This fits well with SEM of this

PS Foams From Polymerized Emulsims

PS foams cal,be obtained by polymerizing styrene dispersed in water

as a water-in-oil emulsion [Unilever Pat. EP 60,138, (1982)]. Standard

stirring techniques used to prepare the emulsion introduce air. He have

devised an airless mixer (Fig. 7) that eliminates this problem. Flawless

(no holes greater than 20 Pm) PS/DVB foam cylinders have been prepared.

During our studies of the emulsion systems we attempted to reduce

the density of the ultimate foam by diluting the PS/DVB oil component

with nonpolymerizing dodccane. :’hat

reduction in density, but a surprising

into the mechanics of emulsions. The

seen in Figs. 8-10: the foam in Fig. 8

resulted was not a significant

foam structure and great insight

influence of adding dodecane is

had no dodecane in the emulsion;

that in Fig, 9 had some; and that in Fig. 10 had a lot. Rote the

delicate natur? of the foam in Fig, 9. (3-D inspection can be mad~ by

crossing ones ey~s so that the two pictur~s form thrre and then looking

at the center one.) An explanation will be published elsewhere. The:.e

fnams wr~ pr~pfiredh,vt.h~stirring m~tbd,



EFFECT OF PRESSURE ON PMWCUMENE

3* PSI 11 Psl

1760 Psl

(Preaaurea●t 70 C, 6% PMP)

5500 Psl , 6200 + 11 Psl

at 73-7S%

Iflu.tlwI
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